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A ceramic surface of such nature that it will
increase the strength of the ceramic body to
which it is applied, is much to be desired. One
of the main objects of the present invention is
to provide a simple, economical, and readily con-
trollable method for producing such a surface,
whether rough or smooth.

A roughened surface on & ceramic article is of
advantage under many conditions, as for example
to form a better bond between the ceramic article
and & layer of cement or a layer of metal applied
thereto. But roughened ceramic surfaces here-
tofore have usually made the article weaker than
it would have been if the roughness were not
present.

Another object of the invention is to provide a
simple, inexpensive, and efficient method of pro-

ducing a roughened ceramic surface which is
better and more satisfactory and of greater
strength than those heretofore available.

To these and other ends the invention resides
in certain improvements, all as will be herein-
after more fully described, the novel features
being poinited out in the claims at the end of
the specification.

The roughened surface commonly used here-
tofore in the ceramic art is made up of what is
known in the irade as “sand,” formed of broken
-up or crushed pieces of ceramic material (e. g,
porcelain) of the same or substantially the same
composition as that of the ceramic body to which
it is to be applied. Usually the ceramic body is
coated with glaze, and the “sand” particles are
applied to the glaze, or to the desired portion
thereof, and then the article is fired in the kiln,
which fuses the glaze and firmly attaches the
~ “sang” particles to the main ceramic body, form-
ing a roughened surface on the ceramic body or
the desired part thereof. .

It is known in the art that the strength of a
ceramic body is increased by the use of a glaze
having a coefiicient of thermal expansion which
is less than that of the ceramic body itself. Un-
fortunately, however, the use of a roughened sur-
face obtained by “sand” particles of the above
mentioned kind commonly employed, resulis in a
marked decrease in the strength of the completed
article. For example, a piece of unglazed electri-
cal porcelain may have a modulus of transverse
rupture of about 10,503 1bs. per square inch, When
this same piece of porcelain is glazed with a glaze
of known type commonly used, having a lower
coefficient of thermal expansion than that of the
porcelain, the strength of the article is increased,
and under favorable condifions may be nearly
doubled. But when the article thus glazed is
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“sanded” to produce a roughened surface, with
porcelain “sand” of the same 'composition as
that of the main body (this being the common
practice), the modulus of transverse rupture
drops again to approximately 11,000 to 11,500 lbs.
per square inch. Thus, according to the prior
practice, the advantage of increased strength ob-
tained by using a iow expansion glaze (sometimes
called a compression glaze) is very largely lost or
cancelled by the attempt to produce a roughened
surface on the ceramic article, by following the
procedure commonly employed heretofore.

According to the present invention, a much
stronger ceramic article with a roughened sur-
face can be produced. Broadly, the present in-
vention accomplishes this by using roughness
particles or “sand” which are of a material having
a coefficient of thermal expansion less than that
of the main ceramic body to which the “sand” is
applied, instead of following the prior practice of
making the “sand” of the same composition as the
main ceramic body. Various inorganic materials
or mixtures having when fired a lower coefficient
of expansion than that of the main body may be
employed, within the scope of the present inven-
tion. The preferred material is a mixture con-
taining talc in addition to the other ingredients
customarily used in feldspathic porcelain as em-
ployed in the electrical insulator industry. The
exact scientific reasons why the inclusion of talc
produces & porcelain of lower coefficient of ther-
mal expansion may be somewhat uncertain, but
it appears probable that this mixture, upon firing,
produces cordierite, or at least a malterial con-
taining a substantial quantity of cordierite, al-
though this may not be entirely cordierite. Good
results have been obtained by using, as the rough-
ness elements, a “sand” in which about one-
third or one-quarter of the material in each
grain has been converted to cordierite, the rest
being of other material.

It is within the scope of the invention to apply
the roughness elements o .the glazed body in-
itially in the form of cordierite or other material
having lower coefficient of expansion than the
body, or to apply them initially in the form of
other substances which, during the subsequent
firing operation, will be wholly or partiy trans-
formed into material having such lower co-
efficient. :

When it is desired to use cordierite initially,
naturally occurring cordierite may be employed,
although sometimes it does not give good results
and better results are usually obtained by employ-
ing a synthetic or artificial cordierite sand. In
general, any mixture containing substantial
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amounts of clay and tale will produce some cordi-
erite upcn firng. It is usually preferab e to em-
ploy a mxiure containing clay, silica in some
ferm (such as flint) , and a magnesium compound
(stich as magnesium oxide or caroonate, tale, or
otier macnesium silicates). An advantage of
the synthetic or artificial mater’a] over nalurally
cceu.ring cordierite, is that by controlling the
" proportions of the ingredients, there is some
measuie of control of the coefficient of thermal
expansion of the mater'al which is being pro-
duced for use as the “sand” or roughness parti-
cles to form the roughened surface. It is desir-
able to control these factors so that the coeffi-
cient of expansion of the roughening mixture
will be somewhat below that of the Dborcelain
body to which it is applied, but not excessively
far below, as that might cause the rough surface
layer to shiver or flake off of the main porcelain
body as a result of temperature changes. The
proportons of the ingredients are, therefore, not
fixed, but are a proper subject of laboratory con-
trol, depending somewhat on the composition
and the resultant coefficient of expansion of the
ceramic body on which the the roughness is to
ke formed. In practially all ordinary porcelains
used in the electrical industry, this coefficient of

expansion is greater than that of cordierite, and’

greater than that of porcelain mixtures contain-
ing substantial amounts of talc or similar mag-
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nesium compounds, so that the present inven- ,

tion is applicable.

For example, one kind of feldspathic porcelain
commonly used for making electric insulators
and similar articles, and well adapted for the
main body which is to be roughened according
to the present invention, contains no talc and
has a coefficient of thermal expansion of about
0.0000023 per degree Fahrenheit. For use on
such a porcelain, the composition of the rough-
ness elements should be so controlled as to pro-
vide a coefficient of expansion in the range of
approximately 0.0000016 to 0.0000022, being pref-
erably about 0.0000019. When the coefficient of
expansion of the main body is higher or lower
than that in the above example, the composi-
tion of the roughness elements is controlled to
give a coefficient correspondingly different from
that of the main body. For normally encoun-
tered temperature changes, it is usually satisfac-
tory to make the expansion coefficient of the
roughness elements from. 0.0000001 to 0.0000007
less than that of the main body, the preferred
difference being about 0.0000004, as in the above
example.

Merely for the sake of g convenient example
and not as a limitation, one mixture which is
suitable under many circumstances for forming
a roughened surface according to the present in-
vention, may be made by using the following
named materials in approximately the following
percentages by weight:

Percent
Ball elay 17
China clay or kaolin._____________________ 26
Flint _— — 30
Taleo o T 19
Peldspar.__.________ — 8

If a less vitreous mixture is desired, the per-
centages of the first four ingredients named
may be increased and the amount of feldspar
may be reduced or even entirely eliminated.

This mixture is formed in any suitable way
into small pellets or particles, as for example by
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drying, crushing, and screening, or by turning
ribbons from a chunk of this material in the
green state, then crushing and screening these
ribbons. The pellets or particles are preferably
fired after being dried, and g multiplicity of such
particles are applied to the wet glaze on the
electrical insulator or other porcelain article
whose surface is to be i‘oughened, the vparticles
preferably being applied throughout the desired
part of the surface area with sufficient density so
that adjacent particles touch or almost touch
each other. Other glaze may he added (by spray-
ing or otherwise) over the roughness particles it
desired, depending on the degree of roughness
wanted in the finished article. Then the article
is fired in the kiln in the usual way, at the usual
temperatures employed in prior practice in
making “sanded” surface porcelain articles,
During the firing operation the mixture compos-
ing the roughness particles forms a substance,
apparently wholly or partly cordierite, having a
coefficient of thermal expansion below that of
the main body, resulting in greatly increased
strength of the finished porcelain body.

The proportions of the mixture may be varied
as desired, as above explained, depending on the
coeflicient of expansion desired in the product.
The use of flint, as in the above example, is
beneficial because the flint tends to reduce or
counteract the amount by which the coefficient
of expansion is lowered for any given amount of
tale. If no flint is used, smalier amounts of
talc should be employed, and care should be
taken not to get too much tale and produce a
roughness layer having a coeflicient of expansion
too far below that of the main ceramic body, as
this might cause the roughness layer to shiver.
The use of feldspar promotes fusion or vitrificg-
tion in the roughness mixture.

Another highly satisfactory material for mak-
ing roughness elements of lower coefficient of
expansion than the main ceramic body, is beryl
porcelain, that is, a porcelain fluxed mainly with
beryl rather than feldspar. Satisfactory mix-

tures may be made, for example, of approxi-
mately the following percentages by weight:

Per cent,
Clay 30 to 50
Beryl -~ 65 to 40
Feldspar 5 to 10

The above percentages are not limitations, but
only an example, and wide variations in compo-
sition may be made, other ingredients being add-
ed if desired. The feldspar may be greatly re-
duced, or entirely omitted. Variation in coeffi-
cient of thermal expansion is obtained by using
mare or less of the beryl, and by this means the
coefficient of expansion may be made of the de-
sired relation to that of the main ceramic body
on which this material is to be used.

This beryl porcelain is, formed into grains or
Dellets and employed to make roughness elements
in the same manner as above described in con-
nection with the talc material.

Good results are also obtained by using a com-
bination of the above talc formula with the above
beryl formula; that is, using both tale and beryl
in the mixture from which the roughness ele-
ments are made. For example, the mixture may

be made of:

Per cent
Clay 15 to 50
Beryl _. 30 to 65
Tale 20 to 40
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Flint may be added if desired, and will have
the effect already discussed above. Feldspar may
also be added. The various ingredients are com-
bined and blended in such proportions as to give
the desired coefficient of thermal expansion nec-
essary with relation to the electrical insulator or
other porcelain body to which the roughness
elements are to be applied, and also to give the
desired maturing temperature suitable to the
firing kiln procedure employed.

Another way in which a roughened surface of
the desired lower coeflicient of expansion may
be formed, for use on a main body of feldspathic
porcelain of the kind above mentioned, is to
apply to the desired areas of the porcelain body
a glaze containing a magnesium compound, such
as magnesium oxide, in which glaze is mixed pow-
dered mullite. Then over the glaze, while it is
still wet, are sprinkled roughness elements or
particles of mullite of the desired size. Mullite
is largely aluminum oxide and silicon dioxide.
The article is then fired in the kiln, and after
firing it is found that the rough surface layer
has a coefficient of thermal expansion in the
range above mentioned, somewhat less than that
of the main body, so that the roughened surface
layer is under compression and increased
strength is obtained thereby.

The exact scientific explanation of how this
lowered coefficient of expansion is obtained is not
yet ascertained. But since mullite itself has a
coefficient of expansion somewhat higher than

that of a ceramic body of the kind indicated, it -

seems probable that during the firing, the mag-
nesium compound in the glaze reacts with the
mullite grains and with the mullite powder mixed
in the glaze, to form some cordierite or an anal-
ogous material having the desired lower coeffi-
cient of expansion.

Particles of crushed fused quartz can also be
employed as roughness elements to make a “sand-
ed” surface of lower coefiicient of expansion than
the main body, but this is not suitable on a main
ceramic body of ordinary feldspathic porcelain
of the kind above mentioned, for there is too
great a difference in the coeficients of expansion
and the fused quartz roughness elements would
shiver or flake off of the main body. Buf if the
main ceramic body be made of material having &
very low coefficient of expansion (such as a main
body made of a porcelain mix containing sulb-
stantial proportions of talc or beryl or both, and
having very low thermal expaunsion) then the
erushed fused quartz serves admirably to form
roughness elements for use on such a main body,
and provides a rough surface layer having a

coeficient of expansion which is the desired

amount less than that of such a main body.

1f it is desired to increase the strength of
the body without using glaze, this may be done
according to the present invention by making
a “slip” of the same composition above suggested
for making the roughness elements, and coating
the ceramic body with this slip to form what
is frequently called an engobe, and then firing.
There are many instances in which it is desired
to provide ceramic bodies with unglazed sur-
faces; for example, certain ceramic articles for
use in the chemical industry are preferred in an
unglazed condition. So far asknown, it has here-
tofore been impossible to secure an increase in
strength of unglazed ceramic articles by means
of a coating, but this can readily be accomplished
according to the present invention. If an un-
glazed rough coating rather than a smooth one
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iz desired, then roughness elements made in the
manner above set forth may be applied to a slip
or engobe coating on the ceramic body, or may
be mixed with the slip and applied in mixed form,
so that the slip or engobe, when hardened by
firing, serves to hold the roughness elements to
the ceramic body without the necessity of using
glaze.

1t is within the scope of this invention to use
roughness elements of lower coefficient of expan-
sion than the body, as above described, in con-
nection with a slip or engobe coating which is
not necessarily of the same composition as ‘the
roughness elements and which may, on the con-
trary, be of a composition having approximately
the same coefficient of expansion as the main
body. Tt is the preferred practice, in order to
obtain maximum strength, to attach these rough-
ness elements to the main ceramic body by means
of a coating which, like the roughness elements
themselves, is of lower coefficient of expansion
than the body.

The invention is not limited to the materials
specifically mentioned herein as examples. Also
the invention is not limited to any particular kind
or shape of porcelain article, or to any particu-
iar use for the roughened surface, as the inven-
tion may be advantageously employed wherever
it is desired to have a porcelain griicle with 2
rough unglazed surface, or with a rough glazed
surface, and also to have increased strength com-
pared to what the strength would be if the sur-
face were made according to the prior art. For
instance, the roughened surface of the present
invention may be used as an attaching surface
on electric insulators or other porcelain struc-
tures, to receive a coating of metal, cement, or
plastic substance, or it may be used in the chemi-
cal industry (on chemical tower fillings or else~
where) to retard or impede the flow of fluids over
the roughened surface or to increase the effec-
tive area of the surface.

The size of the “sand” particles or roughmness
clements may be varied, but usually it is most
satisfactory to use a mixture of grains varying
from shout 18 to 30 mesh.

Usually only one firing operation is required,
for firing both the main ceramic body and the
But whenever pie-
ferred, the main ceramic body may be previousiy
fired, and the coating may be treated by & secoend
or subsequent firing operation.

Tt is to be noted that the low expansion mate-

‘yials of the present invention are used as a sur-

face coating on all or any desired part of the sur-
face of a previously formed porcelain pody having
a higher coefficient of expansion than such sur-
face coating, and are not mixed throughout the
body, which would undesirably tend to lower the
coefficient of expansion of the whole body and
tend to lessen the desired contrast between the
expansion characteristics of the body and the ex-
pansion characteristics of the surface layer or
coating. :

This application is a continuation in part of our
copending application, Serial No. 251,394, filed
January 17, 1939, for High strength ceramic sur-
face and method of making the same, on which
Letters Patent No. 2,327,972 were granted August
24, 1943. Certain subject matter disclosed but
not claimed in this present application is claimed
in said Letters Patent.

While certain embodiments of the invention
have been disclosed, it is to be understood that
the inventive idea may be carried out in a num-
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ber of ways. This application is therefore not to
be limited to the precise details described, but is
intended to cover all variations and modifications
thereof falling within the spirit of the invention
.or the scope of the appended claims.

We claim: )

1. The method of producing a porcelain body
with a roughened surface, which includes the
steps of applying to part of the surface of said
body, roughness elements of material which will
have, after firing, a coefficient of thermal expan-
sion less than that of said porcelain body, and
then firing said body to cause said roughness ele-
ments to become firmly held to said body.

2. The method of producing g porcelain body
with a roughened surface, which includes the
steps of applying to part of the surface of said
body, roughness elements of material including
clay and s substance selected from the group con-

sisting of magnesium oxide, magnesium carbon- .

ate and talc, and glaze, and then firing said body
to fuse the glaze thereto and to provide roughness
elements firmly held to the glaze and having a
coeflicient of thermal expansion less than that
of said body.

3. The method of producing a porcelain body
with a roughened surface, which includes the
steps of applying to part of the surface of said
body, roughness elements of material including
aluminum oxide, silicon dioxide, and a substance
selected from the group consisting of magnesium
oxide, magnesium carbonate and tale, and then
firing said body to afix said roughness elements
firmly to said body and to transform them into
material having a coefficient
sion less than that of said body.

4. The method of producing a porcelain body
with a roughened surface, which includes the
steps of forming a body from a mixture of mate-
rials substantially free from tale, applying to part
of the surface of said body a multiplicity of small
roughness elements of material including clay
and tale, and then firing said body to affix said
roughness elements firmly thereto and to trans-
form them into material having 2 lower coeffi-
cient of thermal expansion than that of said
body.

5. The method of producing a ceramic body

. with a roughened surface, which includes the
steps of applying to part of the surface of said
body a glaze including a substance selected from
the group consisting of magnesium oxide, mag-
nesium carbonate and tale and a multiplicity of
small roughness elements including mullite, and
then firing said body to cause said magnesium
compound to react with said mullite to produce
ultimate roughness elements having g coeflicient
of thermal expansion less than that of said ce-
ramic body.

6. The method of broducing a ceramic body
with a roughened surface, which includes the
steps of applying to part of the surface of said
body a multiplicity of small roughness elements
of material including tale and clay, and then fir-
ing said body to transform said roughness ele-
ments into g rough surface layer firmly attached
to said body and having a coefficient of thermal
expansion less than that of said ceramic body.

7. The method of producing a porcelain body
of high strength and with roughness on a portion
of its surface, which includes the steps of apply-
ing to a portion of the surface of a porcelain body
3 layer of approximately contacting roughness
elements formed from ceramic material includ-
ing clay and s substantial amount of tale, and fir-

of thermal expan- :
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ing the body and the applied roughness elements
to cause the roughness elements to become firmly
attached to said body and to transform the
roughness elements into porcelain having a co-
efficient of thermal expansion lower than that of
the body to which they are applied.

8. The method of producing a porcelain body
of high strength and with roughness on g portion
of its surface, which includes the steps of apply-
ing to a portion of the surface of a porcelain body
a layer of approximately contacting roughness
elements formed from ceramic material including
clay and a substantial amount of beryl, and firing
the body and the applied roughness elements to
cause the roughness elements to become firmly
attached to said body and to transform the
roughness elements into pordelain having a coef-
ficient of thermal expansion lower than that of
the body to which they are applied.

9. The method of producing a porcelain body
of high strength and with roughness on a portion
of its surface, which includes the steps of apply-
ing to a portion of the surface of g porcelain body
a layer of approximately contacting roughness
elements formed from ceramic material including
clay and substantial amounts of tale and beryl,
and firing the body and the applied roughness
elements to cause the roughness elements to be-
come firmly attached to said body and to trans-
form the roughness elements into porcelain hav-
ing a coeficient of thermal expansion lower than
that of the body to which they are applied.

10. The method of broducing a porcelain body
of high strength which includes the steps of
applying to a portion of the surface of a porcelain
body a layer of ceramic material including clgy
and a substantial proportion of tale, the propor-
tion of talc in said layer being greater than the
proportion of tale, if any, in said body, and firing
said body to cause said layer to become firmly at-
tached to said body and to transform said layer
into a finished ceramic material having g coeffi-
cient of thermal expansion lower than that of

. said body, so that upon cooling after firing, said

layer will remain in compression with respect to
said body.

11. The method of producing a porcelain body
of high strength which inciudes the steps of ap-
plying to a portion of the surface of a porcelain
body a layer of ceramic material including clay
and a substantial porportion of beryl, the pro-
portion of beryl in said layer being greater than
the proportion of beryl, if any, in said body, and
firing said body to cause said layer to become
firmly attached to said body and to transform
said layer into a finished ceramic material having
a coefficient of thermal expansion lower than that
of said body, so that upon cooling after firing,
said layer will remain in compression with re-
spect to said body.

12. The method of producing g porcelain body
of high strength which includes the steps of ap-
plying to a portion of the surface of a porcelain
body a layer of ceramic material including clay
and a substantial proportion of tale and beryl,
the proportion of talec and beryl in said layer
being greater than the proportion of talc and
beryl, if any, in said body, and firing said body to
cause said layer to become firmly attached to said
body and to transform said layer into a finished
ceramic material having g coefficient of thermal
€xpansion lower than that of said body, so that
upon cooling after firing, said layer will remain
in compression with respect to said body.
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13. The method of producing a porcelain body
with a roughened surface, which includes the
steps of applying to said body a ceramic coating,
partially embedding in sald coating a multiplicity
of particles of ceramic material having portions
thereof projecting above the coating to provide
a roughened surface, said coating and particles

being composed of materials which will have,
after firing, coeéfficients of thermal expansion
lower than that of said body and firing said body
to fuse sald coating and attach said particles
g thereto. .
KENNETH E. STETTINIUS.
BENJAMIN F, DEWEY.




